Many enzymes are now known to exist in multiple molecular forms, and the genetic basis for variation of this type has been established in a variety of eucaryotic organisms (9) . The presence in Saccharomyces cerevisiae breeding stocks of three electrophoretic variants of phosphoglucomutase (PGM) is an example of this kind of variation (1) . Two of the variants, PGM-la and PGM-lb, are specified by a pair of allelic genes, pgm-la and pgm-lb, whereas the third variant, PGM-2, is specified by the unlinked gene pgm-2.
The biological significance of the multiple forms of PGM is not clear but the phenomenon is apparently of widespread occurrence in eucaryotic organisms. Several electrophoretic variants have been described in fish muscle (8) and in man (3, 11) , and the occurrence of two chromatographically distinct forms, PGM-I and PGM-II, has been described by Joshi et al. (4) in several eucaryotic organisms of diverse phylogenetic origin including yeast and man. These workers showed that PGM-I and PGM-I1 from human and rabbit muscle and baker's yeast possessed the same molecular weights and that the two forms of the rabbit muscle enzyme consisted of single polypeptide chains. Because the tryptic peptide maps of the two PGM from rabbit muscle were substantially different, they suggested that PGM-I and PGM-II were the products of homologous genes that had been modified independently by mutations during evolution.
It was of interest to us, in view of the above results, to determine the spectrum of electrophoretic variants of PGM in a collection of strains of S. cerevisiae and in a variety of other species of this genus as well, for it seemed to us that this method of detecting gene expression might be useful in determining phylogenetic relationships.
To this end, we have examined strains of S. cerevisiae and several species with which it is interfertile, and strains of S. fragilis and species with which it is interfertile. These two groups of yeasts have been considered by taxonomists on morphlological grounds to be phylogenetically distinct from one another (12, 13, 14) . Methods of cultivation and extract preparation and the procedure of starch gel electrophoresis used in preparing the PGM zymograms were as described previously (1) . Conditions of growth of the cultures had no discernible effect upon the relative positions or activities of the PGM variants in the zymograms. Figure 1 is a PGM zymogram of S. cerevisiae diploid 310, which possesses PGM-la, PGM-lb, and PGM-2 (1), two strains of S. cerevisiae, NRRL Y-2235 and UW 211, and two species with which S. cerevisiae is known to be interfertile (7) The most frequently observed minor component pattern in the above group of organisms was PGM-lb alone which occurred in most of the strains. Two strains contained PGM-la alone and two contained both PGM-la and PGM-lb. An exceptional pattern was found in two strains of S. cerevisiae, a Fleishman's yeast isolate and a Danish wine yeast, which contained neither PGM-la nor PGM-lb but possessed a minor component whose electrophoretic mobility was significantly greater than that of PGM-la. We assume that this variant could be determined by another allele of the pgm-1 locus, but genetic experiments with these two strains could not be done, because neither strain produced viable ascospores. There was no evidence that genetic polymorphism due to heterozygosity of the PGM loci contributed to the number of electrophoretic variants in S. fragilis, for the zymograms of diploid cultures derived from single ascospores of this homothallic organism were identical to those of the parental diploid culture. These cultures should have been completely homozygous except possibly for factors controlling diploidization. Genetic polymorphism can also be eliminated as a factor contributing to the number of electrophoretic variants in S. lactis and S. marxianus, for these species are predominantly haploid in the vegetative phase and produce only a transitory diplophase.
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RESULTS
As mentioned earlier, the above species are considered on the basis of morphological criteria to be unrelated to S. cerevisiae but closely related to each other. The most convincing evidence of the relatedness of these species is the fact that hybrid formation has been achieved between S. fragilis and S. lactis (13) and between S. lactis and S. marxianus (L. J. Wickerham, private communication). Although these species are not considered to be interfertile with S. cerevisiae, Lindegren (6) has reported the preparation of a hybrid between The results above suggested that the PGM pattern is quite similar in related species; one important exception to this was found in the behavior of S. dobzhanskii. This species displayed a PGM pattern similar to that of S. cerevisiae, but its fragile asci and kidney-shaped ascospores suggest that it is related to the S. fragilis group (12) . Proof of the relatedness of S. dobzhanskii and S. fragilis was obtained by Wickerham and Burton (13) who showed that the two species were capable of hybridization. The PGM pattern of one of the hybrids prepared by Wickerham and Burton is compared with those of the two parental strains and that of a strain of S. cerevisiae in Fig.  3 . The PGM pattern of the hybrid can be seen to consist of a cathodal component similar to that of the S. dobzhanskii parent and of several anodal components derived from the S. fragilis parent. A mixture of extracts of the two species displayed the same pattern as that of the hybrid extract. There was no indication in the zymogram of the hybrid of the formation of hybrid enzyme molecules of intermediate electrophoretic mobility, which might be expected if PGM consisted of two or more polypeptide subunits that were capable of molecular hybridization (4) .
Genetic studies with the S. fragilis-S. dobzhanskii hybrid would be essential to establish the gene-enzyme relationships in these two species. However, the hybrid proved to be unsuitable for this purpose, for, although it sporulated abundantly, its ascospores were not viable.
.^.. 
DISCUSSION
The coincidence of the electrophoretic mobilities of the PGM variants in the strains of S. cerevisiae and related species with those of our S. cerevisiae breeding stocks suggests that a common genetic basis exists for the control of PGM variants in this group of organisms.
There is no direct way of estimating the genetic basis for the synthesis of the PGM variants in S. fragilis and related species as the appropriate genetic experiments cannot be done with the material presently available. It is possible that additional loci are involved in these organisms which may contain five or six PGM variants. However, the fact that the S. cerevisiae group and the S. fragilis group, with the exception of S. dobzhanskii, contain mutually exclusive sets of PGM variants and thus, by inference, mutually exclusive sets of gene loci which control the synthesis of these variants can be interpreted as a reflection of the phylogenetic divergence which has led to sexual isolation between these two groups of species. The exceptional species, S. dobzhanskii, appears to be related to S. cerevisiae on the basis of its PGM variants but sexually compatible with S. fragilis to the extent that the two species are capable of forming a sterile hybrid in which both sets of PGM genes are expressed.
It has been proposed that duplication of genes represents a mechanism whereby the deoxyribonucleic acid content of a genome may be increased to provide the genetic material from which genes with new functions may evolve (5, 10) . The PGM genes and other groups of genes (2, 15) which appear to specify a single kind of enzymatic activity in yeast may indeed represent families of genes which have arisen through gene duplication but 
